Current methods for determining the optimum working interest (OWI) one should take in an exploration project are beholden to underlying basic utility theory. As such they suffer from the generic consequences that: the OWI is never guaranteed to be always less than unity as it must be; that the OWI does not always increase as the net present value of a project is increased as it should; and that the OWI is automatically set to zero when the expected value of the project is less than zero, despite there being an uncertainty on the expected value that could still allow a profitable outcome. As a consequence of these drawbacks, here we set up a binomial procedure for ascertaining the OWI, which method does not suffer from any of the utility-based problems. Several illustrations indicate how the binomial enhancement operates in reality. In addition, one can also compute the corporate confidence in a project using this new approach, and determine the corresponding apparent confidence of any utility-based procedure for determining OWI. This binomial procedure for determining OWI and corporate confidence is, therefore, a reasonable alternative over previously available methods.
INTRODUCTION
The selection of working interest in a project is critical to portfolio management and diversification. Each corporation has a unique attitude with regard to risk and reward and therefore has a unique portfolio solution. That solution consists of projects with a unique selection of percent working interest adjusted to meet the corporate risk attitude and the confidence the corporation has in the assessment of the worth of a project. This paper is concerned with a binomial solution to the basic problem of optimum working interest selection. The binomial procedure is an enhancement to previous solutions based on utility theory (Cozzolino, 1977; MacKay, 1999, 2003) because the resulting optimum working interest is stable for very high or low gain situationssomething that is not the case for utility-based solutions (Lerche and MacKay, 2003) .
II. TECHNICAL BACKGROUND
Conventional solutions to project investment are based on the basic expected value (EV) information; derived from the success chance (p s ), net present value (V) and cost (C) as: EV = p s V -(1 -p s )C
and its associated variance σ 2 given by σ 2 = p s (1 -p s )(V -C) 2 (2)
Often a measure of uncertainty of a project is provided by the volatility, v, determined through v = σ/EV. A volatility v>>1 is usually taken to note that the EV is not a very trustworthy measure of the project worth and so such projects are usually considered with more corporate askance than projects with low volatility (v<<1), i.e. the corporate confidence in high volatility projects is lower than in low volatility projects, even if they have the same EV.
A corporation also has a risk attitude, referred to as the risk tolerance (RT), which causes the corporation to take less than 100% working interest in a project when the project risk is high.
Many years ago, Cozzolino (1977) showed how to quantify the optimum working interest (OWI, which must be less than or equal to unity) that a corporation should take using an exponential model for risk adjusted value, based on utility methods, and Lerche and MacKay (1999) have extended that procedure to any model of risk, again within the broad framework of utility theory.
There is, however, a major drawback to any and all such utility-based models of OWI that is most easily exhibited with the original Cozzolino exponential model. As shown in the appendix to Cozzolino's paper, and also in Lerche and MacKay (1999) , the risk adjusted value formula can be solved for optimum working interest using the formula:
where the small c denotes that the OWI is derived from the Cozzolino formula for risk adjusted value.
Because the net present value, V, is part of the solution, OWIc will vary as V varies. In general, as V increases OWI will initially increase (provided EV>0) but, at a critical value of V (V crit , determined by the location of the minimum of the square bracketed term in equation 3), OWIc has a maximum (that can be greater or less than unity) and decreases thereafter for all higher V values. Also, as V decreases below V crit then, too, OWI decreases to zero when V is such that EV =0, i.e. at a value
There are several distinctly worrying concerns with this Cozzolino OWI solution (and the same worrying concerns are to be found in all utility theory based procedures). First, there is no guarantee that OWI will always be less than unity, as it must be because one cannot take more than 100% working interest in a project. Second, the peaking of OWI at V crit and its steady decrease at all higher values of V is most disconcerting, for one would definitely trust that projects with higher net present value should be invested in to a greater extent than lower V projects, all other parameters being equal, and yet the utility based models all require precisely the opposite. Third, there seems not to be any use of the volatility measure, or a corporate confidence based on volatility, to downgrade highly uncertain projects -when the EV is used as the measure of average worth of a project. Fourth, there is an uncertainty on the EV (which is not one of the possible outcomes) and so there is still the chance of a profitable outcome even for projects with negative EV despite the utility-based methods setting the OWI to zero at EV<0. The Cozzolino-derived OWIc is apparently attempting to address three different concerns simultaneously:
1.
Too much of the budget is focused in one risky venture. 2.
Marginal to poor projects with low or negative expected values should be avoided . 3.
Projects that could return very high NPV should be avoided.
It is the authors' opinion that there are better tools available to sort projects that have marginal or negative returns (point 2 above), or to assess those projects that may be of strategic importance to the company irrespective of their expected worth or volatility (this point will be addressed in the third paper in this series). But points 1 and 3, together with the requirement that OWI should automatically always be less than unity, have caused a completely new procedure to be developed that traces its roots to the binomial probability of success and corporate confidence in a project. We describe this new procedure next.
III. A BINOMIAL PROCEDURE FOR OWI
A new parameter, binomial confidence (p c ) is the corporate attitude regarding the expected confidence in at least one discovery from a portfolio of similar projects with a budget of RT, and p c varies from 0 to unity.
The easiest way to see how to introduce pc is to work backwards from how such a parameter can be related to the optimum working interest. There are two different ways to define OWI; the first is not dependent on the value of a project but only on its risk tolerance, costs, success probability and corporate confidence, while the second includes the value of the project as well. Consider each in turn. 
Note that equation (5) 
Also note that when OWI(a) lies in the range set by inequality (6) then one has the inverse formulae:
where a = OWI(a)[RT+C]/RT <1. On the lowest value of a=0 one then has p c =0, while on the highest value of a=1 one obtains p c =1 from equation (7) for any finite value of p s . In general, a corporation will usually have some level of confidence in a project and so one can calculate the OWI(a) directly as a function of increasing confidence probability. In addition, one can insert the OWI from the Cozzolino formula into equation (7) and so determine the apparent confidence of that value for OWIc. Note that equations (5) and /or (6) satisfy the requirements on OWI that it always be less than unity, that it systematically increase and shall not reach a peak value with a decrease thereafter. However, this version of OWI does not include any information about the value of the project, which is where the greatest difficulty arose with utilitybased estimates because of the decrease at high gain situations, contrary to logic and intuition. We now consider this aspect.
b. OWI based on NPV
To include a component in the binomial procedure for OWI that depends on the net present value is now relatively simple. Take equation (5) and multiply it by V/(V+C) so that higher value projects are given a higher worth in terms of OWI. Then one can write
together with the corresponding inverse formula for the confidence probability in terms of a chosen OWI(b) of
where the power index b is given by b=a*(V+C)/V<a<1. In this case the limits allowed
The corporate decision of whether to use equation (5) or equation (8) is then a function of corporate strategy because the first does not contain any information about the NPV of the project and so treats low and high worth projects equally, while the second permits higher relative OWI values for higher worth projects. Note also that this version of the binomial OWI allows a finite value for OWI for any NPV >0 and not just for EV>0.
The reason for labeling this sort of choice as a binomial procedure is now clear. Both methods of constructing OWI are determined from a formula (either equation (7) or equation (9)) that weights the confidence probability in respect of a power of the ) should be placed on such projects, whereas lower failure chance implies a corporate confidence that approaches unity as the success chance approaches unity. This sort of behavior is precisely the information a corporation requires to determine the worth of investing in a project in relation to others. We now illustrate how this procedure works in general with some simple examples.
IV. NUMERICAL ILLUSTRATIONS
Consider the two situations depicted in Table 1 below. Note in this example the OWIc at an NPV of $100MM is less than the OWIc at $59.69MM (V crit ). The corresponding apparent confidence in these results, obtained by inserting the Cozzolino OWI values into equations (7) and (9) yields 61.45% for the apparent confidence not using the value of the project and 74% including the project assessed NPV for the case of an NPV of $100MM; while for the case of an NPV of $59.69MM one has the corresponding values of apparent confidence probability of 73.3% and 95.8% respectively. Thus one is considerably less confident in the Cozzolino determined OWI for the high NPV situation of $100MM than one is for the lower NPV case of $59.96MM. And this is as it should be because one is already over the peak of the OWIc curve versus NPV for the $100MM situation, when the Cozzolino formula recommends taking less working interest in a more lucrative proposition! A more appropriate way to operate is to consider the behavior of OWI with changes in the corporate confidence probability for the two situations, as determined by equations (7) Figure 1 . Plot of the optimum working interest (in %) versus the confidence probability (in %) for the two cases of an NPV=$100MM and an NPV=$59.96MM based on the information in Table1, and using the value-dependent binomial OWI formula given in text.
$100MM and $59.96MM NPV values for the situation where one allows for the OWI to be dependent on the estimated NPV of the project. Note that in this situation, no matter what the corporate confidence chosen, the OWI for the higher NPV situation is always larger than that for the lower NPV. The limits in this case are OWI =70.7% for the high NPV case and 66.7% for the lower NPV situation at 100% corporate confidence. For the choice where the OWI does not depend on the value of the project there is only one curve of OWI versus confidence probability, as shown in Figure 2 for the data of Table 1 , and the OWI at a given confidence probability is then higher than either of the two curves shown in Figure 1 , as was to be expected from the definitions of the two forms of OWI that either do or do not depend on the NPV. V. DISCUSSION AND CONCLUSIONS Dissatisfaction with the structural shape of OWI versus net present value for all models derived on the basis of utility theory has led us to propose an enhancement that does not suffer from any of the drawbacks associated with the utility-based methods.
In particular we have shown that the binomial approach to deriving an optimum working interest (and its converse of obtaining a corporate confidence probability) is an eminently suitable device for handling just about all of the problems faced. The apparent confidence of a utility-based model (such as Cozzolino's original model behavior) can then be addressed as well. This binomial procedure is well-suited also to the uncertainty of information used to construct success probabilities, expected values, NVP and costs, all of which are uncertain.
It has not escaped our attention that interfacing this basic binomial procedure for addressing OWI with a random number program, such as Crystal Ball, can immediately lead to a better appreciation of the likely range of corporate risk or corporate confidence based on uncertainties in the costs, NPV, success chance, and risk tolerance. Such an investigation will form the basis of a second paper. The numerical illustrations presented here, while simple, show directly (because of their very simplicity) how this binomial procedure allows corporate confidence and corporate risk to be enfolded into the basic determination of assessments of an optimum working interest that manifestly avoids all the problems of the utility-based methods. As such the current procedure is, arguably, a reasonable alternative to those that are currently available and is, in any case, a major enhancement on previously available methods.
